Background: Microsoft Kinect is used in the field of anthropometry (Sameijma et al., 2012; Xu et al., 2013; Clarkson et al., 2016; Zhang et al., 2015) , gait analysis (Springer & Seligman, 2016; Pfister et al., 2014; Motiian et al., 2015; Prochazka et al., 2015; Cippitelli et al., 2015) , motor performance (Lim et al., 2015; Sevick et al., 2016; Taha et. al., 2016) , posture/balance evaluation (Dutta et al., 2014; Metiplay et al., 2013; Oh et al., 2014; Saenz-de-Urturi & Garcia-Zapirain Soto, 2016) and rehabilitation (Galna et al., 2014; Mobini et al., 2015; De Rosario et al., 2014; Shapi'i et al., 2015) . Reliability of instruments in clinical and sport application differ, therefore the goal of this research was to initially determine the protocol of validation of a new measuring instrument for digital measurement of anthropometric dimensions of the body (structural and metric). Reliability of results in this paper was tested on three classically and digitally measured anthropometric variables, i.e. height, left forearm length and left lower leg length. Methods: Male and female employees of the Technology Park Zagreb (N=52) volunteered for this research. Subjects were wearing their everyday clothes. Among 471 assessed variables (3 + ((26 * 6)) * 3) three variables from a set of classically measured anthropometric dimensions were extracted -height, length of left forearm and length of left lower leg. Classical measurements were conducted through standard IBP protocols, a Standardized protocol for digital measurement (DM-I) was produced. Data were analyzed by Statistica 12 for Windows operating system. Mean, standard deviation, range, variability coefficient, skewness and kurtosis were used as descriptive parameters, as well as Pearson correlation coefficient, Spearman-Brown alpha, Cronbach`s alpha and Spearman-Brown (standardized) alpha. Results: Classically and digitally measured height in average results do not differ significantly, while for lengths of the left forearm and the left lower leg do indicate significant differences (lower values). The differences could be attributed to different reference points used in two measurement methods. Measures of internal consistency (reliability) for digitally measured variables: height of the body, length of left forearm and length of left lower leg demonstrate high reliability (Cronbach alpha, the standardized alpha 0.995 to 0.997) and the average inter-item correlation (0.973 to 0.985), indicates a high internal consistency between items related to digitally measured height. Reliability was slightly lower for digitally measured length of the left forearm and lower leg due to greater differentiation in average interitem correlations coefficients. Conclusions: Digital measurements with Kinect are not appropriate for clinical trials demanding high precision. There is no statistical evidence that could differentiate distances of examinee from Kinect sensor in order to define optimal distance (as long as subject stands within Kinects range. Small errors occur due to clothing, possibly due to illumination, and sensor height and distance, which is in line with previous research.
INTRODUCTION
Anthropometry plays an important role in industrial design, clothing design, ergonomics and architecture. Morphological data is used to optimize products for particular populations and purposes. Lifestyle changes, changes in diet and ethnic profiles of given populations lead to morphological changes (e.g. obesity pandemy). Importance of possessing exact morphological data is crucial in order to react adequately to current problems. Therefore, it is important to regularly gather new morphological data.
Various methods of human body assessment use various instruments. In the fashion industry, a common instrument is the measurement tape, while in biomedical sciences anthropometric instruments include: anthropometer, pelvimeter, caliper, centimeter tape, etc. Digital measurement methods for human body assessment use various electronic systems (e.g. Kinect, Structure Sensor). These methods range from laser scanners to mobile applications (e.g. Tailor Measure and Nettelo). Threedimensional scanners enable innovative and quick digital anthropometric measurements based on gathered information from sensors, e.g. Kinect sensor.
Microsoft Kinect is used in the field of anthropometrics (Sameijma et al., 2012; Xu et al., 2013; Clarkson et al., 2016; Zhang et al., 2015) , gait analysis (Springer & Seligman, 2016; Pfister et al., 2014; Motiian et al., 2015; Prochazka et al., 2015; Cippitelli et al., 2015) , motor performance (Lim et al., 2015; Sevick et al., 2016; Taha et. al., 2016) , posture/balance training (Dutta et al., 2014; Mentiplay et al., 2013; Oh et al., 2014; Saenz-deUrturi & Garcia-Zapirain Soto, 2016) and rehabilitation (Galna et al., 2014; Mobini et al., 2015; De Rosario et al., 2014; Shapi'i et al., 2015) . Reliability of instruments in clinical and sport application differ, therefore the goal of this research was to initially determine:
a) The protocol of validation of a new measuring instrument for digital measurement of anthropometric dimensions of the body (structural and metric), b) The Kinect anthropometric measurement error based on comparison with classical anthropometry, c) The optimal distance between a subject and the Kinect sensor, d) The optimal number of measurements for a given distance, etc.
The reliability of the Kinect sensor for three digitally measured anthropometric variables, i.e. height, left forearm length and left lower leg length will be calculated. Based on initial findings, later it will be possible to integrate future findings into sport applications and clinical applications related to other analyses conducted in a biomechanics laboratory (e.g. gait, pedobarography ect.)
METHODS

Subjects
Male and female employees of Technology Park Zagreb (N=52) volunteered for this research. Subjects were wearing their everyday clothes.
Variables
Among 471 assessed variables (3 + ((26 * 6)) * 3) three variables from a set of classically measured anthropometric dimensions were extracted -height, length of left forearm and length of left lower leg. Classical measurement procedures for assessing anthropometric dimensions were carried out according to the pre-defined and standardized IBP (International Biological Program) protocol (Mišigoj-Duraković, 2008) .
Standardized measurement protocol for digital measurement of anthropometric dimensions, using a device, was defined via equipment, procedures and instructions, controlled during measurement of each entity for full control of factors that may affect the accuracy of measurements. To start measuring, your task will be, after taking a starting position at a given distance, to raise and lower the left arm. Stand upright, facing the screen of the monitor, with eyes directed forward. The arms are slightly separated from the body, extended at the elbows, fingers outstretched and hands in continuation of the extended forearm." (Measurer demonstrates the position of the body and at the same time describes) "The task will be repeated six times, on each of the preset distances. On the measurer's sign, after each recorded measurement, you will leave your position and return back. Is your task clear? Take the starting position and prepare for measurements."
Classical Anthropometric and Kinect Measurement Protocols
Statistical Analysis
Data were analyzed by Statistica 12 for Windows operating system. Mean, standard deviation, range, variability coefficient, skewness and kurtosis were used as descriptive parameters, supported by the Pearson correlation coefficient, Spearman-Brown alpha, Cronbach`s alpha and Spearman-Brown (standardized) alpha in validation analysis.
RESULTS
Comparing parameters of descriptive variablesheight (classically and digitally measured), it is evident that the average results of digitally measured heights do not differ significantly from the classically measured heights, which were followed by the standard deviation values (Graph 1), the coefficient of variation and form of distribution parameters ( Reliability of a relatively new digital measuring instrument was determined by the method of internal consistency (appropriate for this type of composite measuring instrument). Measures of internal consistency for digitally measured variables: body height, left forearm length and left lower leg length (measured six times at each of three distances - Table  2 ) demonstrate high reliability. (Cronbach alpha, the standardized alpha 0.995 to 0.997) and the average inter-item correlation (0.973 to 0.985), indicate a high internal consistency between items related to digitally measured heights. Reliability coefficients for digitally measured left forearm and lower leg lengths was slightly lower (greater differentiation in average inter-item correlations).
Simulation of the possible impact of reduced number of items indicated a decline of reliability (e.g. in digitally measured height at a distance of 200 cm, and after removing the last 3 items, Cronbach alpha reduced its value to 0.987). Same simulation for digitally measured left forearm length revealed a value reduction of Cronbach alpha from 0.9777 to 0.952, which could consequently result in an increase of the standard error of measurement.
Analysis of differences between the descriptive parameters (Table 3 -in addition 1, with the accompanying graph 2) of classically and digitally measured variables (body height, left forearm length 892967 -7,37500 5,585000 12,96000 6448,312 -0,107315 -0,006973 d3_height -0,345400 3,054981 -6,52833 5,328333 11,85667 -884,476 0,016068 -0,688745 d1_L_forearm -3,03700 1,134939 -5,56667 -0,866667 4,700000 -37,3704 -0,400635 -0,146473 d2_L_forearm -3,14354 1,211910 -7,11667 -0,916667 6,200000 -38,5524 -0,886378 1,451982 d3_L_forearm -3,38433 1,481333 -7,21667 -0,483333 6,733333 -43,7703 -0,697201 The correlation matrix between classically and digitally measured variables (Table 4) 
